Introduction.
Recently, retinoic acid was identified as a natural morphogen involved in determination of the digit pattern in chick limb buds.l)-4> Cellular retinoic acid binding protein (CRABP), which is considered to transfer retinoic acid into nuclei,J),s) is abundantly present in the limb buds and the central nervous system during early developmental stages.7>>g) Recently, two isoforms of CRABPs (I and II) were demonstrated in the chick embryos9) ; CRABP I is expressed in the central nervous system,10),11) while CRABP II, is closely related to the development of muscle and cartilage. 11) On the other hand, retinoic acid receptors (RAR), by which retinoic acid regulates gene expression at the transcriptional level, have been recently identified as a member of erb A family.121131 To understand the role of retinoic acid as the morphogen in the limb bud of chick embryo, it is necessary to know the expression and distribution of RAR as well as those of CRABP in the limb bud during early development.
In the present study, we demonstrate the expression and distribution of RAR in the limb bud of chick embryos (23-25 stages by Hamburger and Ha.milton14)). Materials and methods. Detection o f RAR by immunoblot analysis. A peptide (24 amino acid residues from 154 to 178, SKESVRNDRNKKKKEVPK-PECSES) of RAR which was deduced from the DNA sequence of retinoic acid receptor-a (RAR-a) gene,12 13! was synthesized by Pharmacia-LKB "Biolynx" semiautomatic peptide synthesizer. The synthetic peptide of RAR-a(154-178) conjugated with Keyhole limpet hemocyanin was injected into the Japanese white rabbit and antiserum was prepared. Specific antibody (Ig G) against the synthetic peptide of RAR-a(154-178) (anti-RARa(154-178)) was prepared by the precipitation of ammonium sulfate, protein A Sepharose affinity column chromatography and ligands affinity column chromatography.
Limb buds of 4-day chick embryos (23-25 stages) were homogenized with 50 mM Tris-HC1 (pH 7.5) containing 0.5 M NaCI and followed by centrifugation t`' To whom all correspondence should be addressed. Protein determination was carried out by the method of Lowry et a1.17) using crystalline bovinee serum albumin as the standard.
Immunohistochemistry. Limb buds of chick embryos (23-25 stages) were fixed with 4% paraformaldehyde in PBS and embedded into paraffin. Fivemicron paraffin sections were mounted on gelatin-chromium alumcoated microscopic slides. The localization of RAR was examined in the limb bud of chick embryo (stage 23) by using anti-RARa(154-178).
The immunoreactivity on the sections was examined with the system of biotinylated-goat anti-rabbit IgG and peroxidaselabelled avidin (HistoGen, BioGenex lab., USA) as described previously. 18 Results. The expression of RAR and CRABP were examined in the limb buds of 4-day chick embryo (23-25 stages) by immunoblot analysis using antiRARa(154-178) and anti-CRABP, respectively (Fig. 1) . Anti-RARa(154-178) reacted with a single band of 45 kDa on SDS-polyacrylamide gel electrophoresis (Fig. lc) , which is the similar size of molecular weight of RAR estimated from its DNA sequence,12>,13) but clearly different from the molecular weight of CRABP in the limb buds. CRABP in the limb buds (23-25 stages) had the same molecular weight with CRABP II,9> i.e., the molecular weight of CRABP in the limb buds was higher than that of CRABP I (15.5 k Da.) (Fig. 1b) .
The distribution of RAR was examined in the limb buds of chick embryo at stage 23 (Fig. 2) . A few RAR-positive cells were demonstrated in the anteriorproximal region in the limb bud (Fig. 2c, d, e and f) . The RAR-positive cells were not detected in the distal regions of limb bud (Progress Zone) where mesenchymal cells proliferate actively ( Fig. 2c and e) . Neither ZPA (zone of polarizing activity) nor AER (apical ectodermal ridge) was positive for RAR. Thus RAR was expressed in the restricted region of limb bud of chick embryo at stage 23.
Discussions. We demonstrated the presence of CRABP and RAR in the limb buds of chick embryos (23-25 stages) by the immunoblot analysis (Fig. 1) . On the basis of the molecular weight, the isoform of CRABP in the limb buds at these stages was identified as CRABP II, not CRABP I. As to the isoforms of RAR, the presence of three isof orms of RAR, a, a and y, with the similar molecular weight has been reported.l9~ However, since the highly homologous sequence of the synthetic peptide of RAR-x(154-178) was observed in RAR-p and RAR-7, we can not identify the isoform of RAR in the limb bud with this antiRARa (154-178).
In the present study, we demonstrated that RAR-positive cells were located in the anterior-proximal region of the limb bud (Fig. 2) , in which CRABP IIpositive cells are also located.2'°a It is of interest that RAR-positive cells were not detected in the Progress Zone, in which CRABP-II is positive.20~ And ZPA, from which retinoic acid seems to be released, was also negative for RAR. These data suggest that the biosynthesis of retinoic acid, CRABP and RAR independently occurs in the limb bud during development.
The simultaneous expression of retinoic acid, and RAR and CRABP may be achieved in the anteriorproximal region in the limb bud by the diffusion of retinoic acid from ZPA.
Transplantation of retinoic acid-treated beads into this region at stage 21-24 induces the abnormal digit pattern.l ~-4 Normal concentration gradient of retinoic acid which is formed by the diffusion from ZPA, may be necessary for the normal digit pattern, but transplantation of retinoic acid-treated beads or ZPA which causes the abnormal concentration of retinoic acid in the anterior-proximal region, may induce the abnormal digit pattern of limb bud. Thus the RARpositive cells in the anterior-proximal regions of limb bud may be involved in the formation of digit pattern in the presence of retinoic acid. Further study of the RAR-positive cells or CRABP-positive cells will be necessary for understanding the pattern formation of limb bud and the development of muscle and bone.
